IT « 



What is claimed is: 



1. A method of producing mostlyj5p,6p-epoxides 0/ steroids from A -unsaturated steroids 
y an epoxidation reaction using a ketone and an oxi(^zing agent under conditions effective to 
enerate epoxide^^ 

wherein said ketone is selected from coimiounds of generic formula 

"^^L© J<r' A®/ ^ 
R5 /N^Rg / 

Rg Rio 

Ri or R4 in formula (I) is selected from alley], halogenated alkyl, aryl, (where R = H, 
alkyl or aryl), OCOR (where r/= H, alkyl or aryl), OCOOR (where R = alkyl or aryl), 
OCOOCH2R (where R = aryl)/oCONRiR2 (where Ri or R2 = H, alkyl or aryl), OSiRiR2R3 
(where Ri, R2 or R3 = alkyl o^aryl), and halogen; 

R2 or R3 in formula /l) is selected from H, alkyl, halogenated alkyl, aryl, OR (where R = 
H, alkyl or aryl), 000^ (where R = H, alkyl or aryl), OCOOR (where R = alkyl or aryl), 
OCOOCH2R (where iy= aryl), OCONR1R2 (where Ri or R2 = H, alkyl or aryl), OSiRiR2R3 
(where Ri, R2 or R3 ^alkyl or aryl), and halogen; 

R5, R6, R? o/Rs in formula (I) is selected from H, alkyl, halogenated alkyl, aryl, COOR 
(where R = H, aMl or aryl), and CONR1R2 (where Ri or R2 = H, alkyl or aryl); 

R9 or Rio/in formula (I) is selected from alkyl, halogenated alkyl, and aryl; and 

A in foi*iula (I) is selected from halogen, OTf, BF4, OAc, NO3, BPh4, PFe, and SbFe. 
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2. The method of claim 1 wherein said oxidizing reagent is selected from the group 
consisting of potassium peroxdmonosulfate, sodium hypochlorite, sodium perborate, hydrogen 
peroxide, and peracids. 

3. The method of claim 2 wherein said epoxidation reaction is carried out using 
potassium peroxomonosulfate as mToxidizing agent. 



y The method of claim 1 wh^^ said epoxidation reaction is carried out in a 

h'<mogeneous solvent system contaiimig dimethoxymethane-acetonitrile-water, acetonitrile- 
water, acetone-water, dioxane-yater, dimethoxyethane-water, tetrahydrofuran-water, or a 
biphasic solvent system conjmning dichloromethane-water, chloroform-water, benzene-water, 
toluene-water, dimethoxyi?^thane-water, or diethylether-water, or mixtures thereof. 



5. The method of claim 1 wherein said epoxidation reaction is carried out at a 
temperature within the range from aBout -10 °C to about 40 °C. 

6. The method of claim 5 wherein said epoxidation reaction is carried out at room 
temperature. 

7. The method of claim 1 wherein said epoxidation reaction is carried out at a pH within 
the range from about 7.0 to about 12.0. 

8. The method of claim 7 wherein said pH is within the range from about 7.0 to about 7.5. 
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9. The method of claim 7 wherein said pH is controlled by using a pH-stat or a buffer. 



10. The method of claim 9 v/p^rein said buffer is selected from the solutions consisting of 
dium bicarbonate, sodium c^bonate, sodium borate, sodium hydrogenphosphate, sodium 
dihydrogenphosphate, sodilim hydroxide, potassium hydrogenphosphate, potassium 
dihydrogenphosphate, p^assium bicarbonate, potassium carbonate, potassium hydroxide, or 
mixtures thereof 



11. The method of claim 1 wherein said epoxidation reaction provides said epoxides in at 
least about 5:1 p/a-epoxide ratio. 

12^f^ method of producing mostly 5p,6p-epoxides of steroids from A^-unsaturated 
steroids having a substituent at the 3a-position by an epoxidation reaction using a ketone and an 
oxidizing agent under conditions effective to generate epoxides. 



13. The method of claim 12 wherein said substituent is selected from OR (where R = H, 



or aiyl), 0(CH2)„0R (where n = 1, 2 or 3, R = KyOkyl or aryl), 0(CH2)m|0„R (where Jrrj 
1, 2 or 3; n = 0, 1 or 2; R = H, alkyl or aryl), OSiR(R2R3 (where Ri, R2 or R3 = alkyl or aryl), 
OSOnR (where n = 0, 1 or 2; R = H, alkyl or anfl), OCO„R (where n = 1 or 2; R = H, alkyl or 
aryl), OCONR1R2 (where Ri or R2 = H, alkyl 6r aryl), OPOnR (where where n = 2 or 3; R = alkyl 
or aryl), NR1R2 (where Ri or R2 = H, alky/or aryl), NRiC0nR2 (where n = 1 or 2; Ri or R2 = H, 
alkyl or aryl), NR1CONR2R3 (where R1/R2 or R3 = H, alkyl or aryl), NRiS0nR2 (where n = 1 or 
2; Ri = H, alkyl or aryl, R2 = alkyl o/aryl), NPhth (Phth = phthaloyl group), ■^iR2R3 (where 
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Ri, R2, or R3 = H, alkyl or aryl), SiRiRaRa (where Ri, R2, or R3 = H, alkyl or aryl), SOnR (where 
n = 0, 1 or 2; R = H, alkyl or aryl), SCOnR (where n = 1 or 2; R = H, alkyl or aryl), halogen, CN, 
NO2, alkyl, aryl, COOR (where R = H, alkyl or aryl), and CONR1R2 (where Ri or R2 = H, alkyl 
or aryl). 

14, The method of claim 12 wherein said A^-unsaturated steroid having a substituent at 
the 3a-position is selected from the group consisting of A^-unsaturated steroids having a ketal 
derivative of ketone group or a thioketal derivative of ketone group at the 3-position. 




15. The method of claimJ7 wherein said ketone is selected from the group consisting of 
Vco5?<pounds of generic formula II, III, IV, and V wherein 

R6^0j[^R7 11 

Rg Rio 

Ri, R2, R3, or R4 in formula (II) is sheeted from H, alkyl, halogenated aUcyl, aryl, OR 
(where R = H, alkyl or aryl), OCOR (y/hei/b R = H, alkyl or aryl), OCOOR (where R = alkyl or 
aryl), OCONR1R2 (where Ri or R2 = Hy^lkyl or aryl), OSiRiRaRa (where Ri, R2 or R3 = alkyl or 
aryl), and halogen; 

R5, R^, R7, Rs, R9 or Rio ii/formula (U) is selected from H, alkyl, halogenated alkyl, aryl, 
COOR (where R = H, alkyl or a^l), and CONR1R2 (where Ri or R2 = H, alkyl or aryl); 

A in formula (II) is selected from halogen, OTf, BF4, OAc, NO3, BPh4, PFe, and SbFe; 
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„ Rl2|l Rl3 

X in fomula (III) is selected from (CRiR2)n (wWfere n = 1, 2, 3, 4, or 5; Ri or R2 = H, 
alkyl or aryl), O, S, SO, SO2, and NR (where R = H, a^l or aryl); 

Ru, R12, Ri3, or Ri4 in formula (III) is selected from H, alkyl, halogenated alkyl, aryl, OR 
(where R = H, alkyl or aryl), OCOR (where R =yH, alkyl or aryl), OCOOR (where R = alkyl or 
aryl), OCONR1R2 (where Ri or R2 = H, alkyl 0/ aryl), OSiRiR2R3 (where Ri, R2 or R3 = alkyl or 
^ ^^1), and halogen; 

^ Ri5, R16, R,7, or R18 in formula ytl) is selected from H, alkyl, halogenated alkyl, aryl, 

f^J^ COOR (where R = H, alkyl or aryl), anj|'c:0NRiR2 (where Ri or R2 = H, alkyl or aryl); 



O 



Ri9 



IV 



Ri9 or R20 in formula (IV) is selected from alkyl, halogenated alkyl, aryl, CR1R2OCOR3 
(where Ri, R2 or R3= H, alkyl^r aryl), CR1R2OCOOR3 (where Ri or R2 = H, alkyl or aryl; R3 = 
alkyl or aryl), CR1R2NR3COOR4 (where Ri, R2 or R3 = H, alkyl or aryl, R4 = alkyl or aryl), 
CR1R2NR3COR4 (where Ri, R2, R3 or R4= H, alkyl or aryl), and CR1R2NR3SO2R4 (where Ri, R2 
or R3 = H, alkyl or aryl/R4 = alkyl or aryl); and 




Y in fo/mula (V) is selected from H, alkyl, halogenated alkyl, aryl, NO2, CN, F, CI, Br, I, 
COOR (wherj^ R = H or alkyl), OR (where R = H, alkyl or aryl), OSO2R (where R = H, alkyl or 
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aryl), OSOR (where R = H, alkyl or aryl), OSR (where R = H( alkyl or aryl), SO2R (where R = 
H, alkyl or aryl), SO3R (where R = H, alkyl or aryl), SOOhT R1R2 (where Ri or R2 = H, alkyl or 
aryl), NR1SOOR2 (where R\ = H, alkyl or aryl; R2 = alkyl or aryl), NR1SOR2 (where Ri = H, 
alkyl or aryl; R2 = alkyl or aryl), CR1R2OR3 (where r(, R2 or R3 = H, alkyl or aryl), CRi(OR2)2 
(where Ri= H or alkyl; R2 = alkyl), CF3, CF2CF3, o/f, OTs, OCOR (where R = H, alkyl or aryl), 
and OSiRiR2R3 (where Ri, R2 or R3 = alkyl or ; 

16. The method of claim 12 wherrfin said epoxidation reaction is carried out in a 
homogeneous solvent system containinfir dimethoxymethane-acetonitrile-water, acetonitrile- 
water, acetone-water, dioxane-water, yflimethoxyethane-water, tetrahydrofiiran-water, or a 
biphasic solvent system containing diphloromethane-water, chloroform-water, benzene-water, 
toluene-water, dimethoxymethane-watbr, or diethylether-water, or mixtures thereof. 

17. The method of claim 12 wherein said oxidizing reagent is selected from the group 
consisting of potassium peroxomonosulfate, sodium hypochlorite, sodium perborate, hydrogen 
peroxide, and peracids. 

18. The method of claim 17 wherein said epoxidation reaction is carried out using 
potassium peroxomonosulfate as an oxidizing agent. 

19. The method of claim 12 wherein said epoxidation reaction is carried out at a 
temperature within the range from about -10 ""C to about 40 °C. 
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20. The method of claim 19 wherein said epoxidation reaction is carried out at room 
temperature. 

21. The method of claim 12 wherein said epoxidation reaction is carried out at a pH 
within the range from about 7.0 to about 12.0. 

22. The method of claim ^J^wherein said pH is within the range from about 7.0 to about 

7.5. 



23. The method of claim 21 wherein said pH is controlled by using a pH-stat or a buffer. 

24. The method of claim 23 wherein said buffer is selected from the solutions consisting 
of sodium bicarbonate, sodium carbonate, sodium borate, sodium hydrogenphosphate, sodium 
dihydrogenphosphate, sodium hydroxide, potassium hydrogenphosphate, potassiiun 
dihydrogenphosphate, potassium bicarbonate, and potassium carbonate, potassium hydroxide, 
and mixtures thereof. 



25. The method of claim 12 wherein said epoxidation reaction provides said epoxides in 
at least about 5:1 p/a-epoxide ratio. 

fe. A method of producing mostly 5p,6p-^oxides of steroids from A^-unsaturated 
sten>fds by an epoxidation reaction using a di^irane under conditions effective to generate 
epoxides, 
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wherein said dioxirane is selected from compovmds of geneijc formula VI, 

Rs /n:^r8 

Rg Rio 

Ri or R4 in formula (VI) is selected from alkyl, ylialogenated alkyl, aryl, OR (where R = 
H, alkyl or aryl), OCOR (where R = H, alkyl or a^^l), OCOOR (where R - alkyl or aryl), 
OCOOCH2R (where R = aryl), OCOlSfRiRa (wh^c Ri or R2 = H, alkyl or aryl), OSiRiR2R3 
\ (where Ri, R2 or R3 = alkyl or aryl), and halogej^ 
/ R2 or R3 in formula (VI) is selected ^m H, alkyl, halogenated alkyl, aryl, OR (where R 
= H, alkyl or aryl), OCOR (where R = U, alkyl or aryl), OCOOR (where R = alkyl or aryl), 
OCOOCH2R (where R = aryl), OCONR1R2 (where Ri or R2 = H, alkyl or aryl), OSiRiR2R3 
(where Ri, R2 or R3 = alkyl or aryl), and halogen; 

R5, Re, R7 or Rg in formula/vi) is selected from H, alkyl, halogenated alkyl, aryl, COOR 
(where R = H, alkyl or aryl), and/C0NRiR2 (where Ri or R2 = H, alkyl or aryl); 

R9 or Rio in formula (y) is selected from alkyl, halogenated alkyl, and aryl; and 
A in formula (VI) is ifelected from halogen, OTf, BF4, OAc, NO3, BPh4, PFe, and SbFe. 

27. The methodyOf claim 26 wherein said dioxirane is generated in situ from a ketone and 
an oxidizing agent selected from potassium peroxomonosulfate, sodium hypochlorite, sodium 
perborate, hydrogey peroxide, and peracid^T^ 

wherein said ketone is selected from compounds of generic formula I, 
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R9 Rio 

Ri or R4 in formula (I) is selected from alkyl, halogenafed alkyl, aryl, OR (where R = H, 
alkyl or aryl), OCOR (where R = H, alkyl or aryl), QCOOR (where R = alkyl or aryl), 
OCOOCH2R (where R = aryl), OCONR1R2 (where Ri/r R2 = H, alkyl or aryl), OSiRiRzRs 
(where Ri, R2 or R3 = alkyl or aryl), and halogen; 

R2 or R3 in formula (I) is selected from H, a^kyl, halogenated alkyl, aryl, OR (where R = 
H, alkyl or aryl), OCOR (where R = H, alkylM aryl), OCOOR (where R = alkyl or aryl), 
OCOOCH2R (where R = aryl), OCONR1R2 /where Ri or R2 = H, alkyl or aryl), OSiRiR2R3 
(where Ri, R2 or R3 = alkyl or aryl), and halcfgen; 

R5, R6, R? or Rs in formula (I) is plected from H, alkyl, halogenated alkyl, aryl, COOR 
(where R = H, alkyl or aryl), and C0NRiR2 (where Ri or R2 = H, alkyl or aryl); 

R9 or Rio in formula (I) is selec/ed from alkyl, halogenated alkyl, and aryl; and 

A in formula (I) is selected frdm halogen, OTf, BF4, OAc, NO3, BPh4, PFe, and SbFe. 



28. The method of claim 26 wherein said epoxidation reaction is carried out in a solvent 
selected from acetonitrile, dimethoxymethane, acetone, dioxane, dimethoxyethane, 
tetrahydrofuran, dichloromethane, chloroform, benzene, toluene, diethylether, water, and 
mixtures thereof 



29. The method of claim 26 wherein said epoxidation reaction is carried out at a 
temperature within the range from about -40 **C to about 40 °C. 
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30. The method of claim 26 wherein said epoxidation reaction is carried out at a pH 
within the range from about 7.0 to about 12.0. 



31. The method of claim 26 wherein said epoxidation reaction provides said epoxides in 
at least about 5:1 p/a-epoxide ratio. 



3i A method of producing mostly 5p,6P-q)oxides of steroids from A -unsaturated 
steroids having a substituent at the 3u-position by an epoxidation reaetion using a dioxirane 
under conditions effective to generate epoxides. 



33. The method of claim 32 wherein said substituent is sekfcted from OR (where R = H, 
alkyl or aryl), 0(CH2)„0R (where n = 1, 2 or 3, R = H, alkyl o/aryl), 0(CH2)mS0„R (where n = 
1, 2 or 3; n = 0, 1 or 2; R = H, alkyl or aryl), OSiRiR2R3 Cohere Ri, R2 or R3 = alkyl or aryl), 
OSO„R (where n = 0, 1 or 2; R = H, alkyl or aryl), OCg(r (where n = 1 or 2; R = H, alkyl or 
aryl), OCONR1R2 (where Ri or R2 = H, alkyl or aryl)y6P0nR (where where n = 2 or 3; R = alkyl 
or aryl), NR1R2 (where Ri or R2 = H, alkyl or aiyD; NRiCOnR2 (where n = 1 or 2; Rj or R2 = H, 
alkyl or aryl), NR1CONR2R3 (where Ri, R2 or = H, alkyl or aryl), NRiS0nR2 (where n = 1 or 
2; Ri = H, alkyl or aryl, R2 = alkyl or aryl)yNPhth (Phth = phthaloyl group), ■ISIR1R2R3 (where 
R,, R2, or R3 = H, alkyl or aryl), SiRiR2R/(where Ri, R2, or R3 = H, alkyl or aryl), SOnR (where 
n = 0, 1 or 2; R = H, alkyl or aryl), SCaR (where n = 1 or 2; R = H, alkyl or aryl), halogen, CN, 
NO2, alkyl, aryl, COOR (where R = JI, alkyl or aryl), and CONR1R2 (where Ri or R2 = H, alkyl 
or aryl). 
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34. The method of claim 32 wherein said A^-unsaturated steroid having a substituent at 
the 3a-position is selected from the group consisting of A^-unsaturated steroids having a ketal 
derivative of ketone group or a thioketal derivative of ketone group at the 3 -position. 



35. The method of claim 32 wherein said dioxirane is selected from the group consisting 



oi comoounas oi genenc formula Vn, Vni, IX and 

Q-p 



R2 y R3 




R5 /n:^r8 

Rg R10 



Ri, R2, R3, or R4 in formula (VII) is selected from H, alkyl, halogenated alkyl, aryl, OR 
(where R = H, alkyl or aryl), OCOR (where4 = H, alkyl or aryl), OCOOR (where R = alkyl or 
aryl), OCOOCH2R (where R = aryl), yOCONRiRa (where Ri or R2 = H, alkyl or aryl), 
OSiRiRiRa (where Ri, R2 or R3 = alkylybr aryl), and halogen; 

R5, Rfi, R7, Rg, R9 or Rio, in formula (VH) is selected from H, alkyl, halogenated alkyl, 
aryl, COOR (where R = H, alkyl or^yl), and CONR1R2 (where Ri or R2 = H, alkyl or aryl); 

A in formula (VII) is selected from halogen, OTf, BF4, OAc, NO3, BPh4, PFe, and SbFe ; 



f^i2 V Ri 



M6 *^^7 



vin 



Me 



X in formula (Vim is selected from (CRiR2)n (where n = 1, 2, 3, 4, or 5; R\ or R2 = H, 
alkyl or aryl), O, S, SO, JSO2, and NR (where R = H, alkyl or aryl); 

Ru, R12, Ri3, 0/ Ri4 in formula (VIII) is selected from H, alkyl, halogenated alkyl, aryl, 
OR (where R = H, a%l or aryl), OCOR (where R = H, alkyl or aryl), OCOOR (where R = alkyl 
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or aryl), OCOOCH2R (where R = aiyl), OCOISIR1R2 (where Ri or ^ =H, alkyl or aryl), 
OSiRiRaRa (where Ri, R2 or R3 = alkyl or aryl), and halogen; 

Ri5, R16, Ri7, or R18 in formula (Vni) is selected from H, allfyl, halogenated alkyl, aryl, 
COOR (where R = H, alkyl or aryl), and CONR1R2 (where Rror = H, alkyl or aryl); 



Ri9 R20 



IX 



Ri9 or R20 in formula (IX) is selected from alkyl, Jialogenated alkyl, aryl, CR1R2OCOR3 

(where Ri, R2 or R3= H, alkyl or aryl), CRiR20C00R/(where Ri or R2 = H, alkyl or aryl; R3 = 

alkyl or aryl), CR1R2NR3COOR4 (where Ri, R2 or^3 = H, alkyl or aryl, R4 = alkyl or aryl), 

CR1R2ISIR3COR4 (where Ri, R2, R3 or R4 = H, al^l or aryl), CR1R2NR3SO2R4 (where Ri, R2 or 

R3 = H, alkyl or aryl; R4 = alkyl or aryl); and 

0-0 




Y in formula (X) is selected from H, alkyl, halogenated alkyl, aryl, NO2, CN, F, CI, Br, I, 
COOR (where R = H or alkyl), OR (where R = H, alkyl or aryl), OSO2R (where R = H, alkyl or 
aryl), OSOR (where R = H, aMl or aryl), OSR (where R = H, alkyl or aryl), SO2R (where R = 
H, alkyl or aryl), SO3R (wheryfe R = H, alkyl or aryl), SOON R1R2 (where Ri or R2 = H, alkyl or 
aryl), NR1SOOR2 (where R/i = H, alkyl or aryl; R2 = alkyl or aryl), NR1SOR2 (where Ri = H, 
alkyl or aryl; R2 = alkyl of aryl), CR1R2OR3 (where Ri, R2 or R3 = H, alkyl or aryl), CRi(OR2)2 
(where R, = H or alkyl/R2 = alkyl), CF3, CF2CF3, OTf, OTs, OCOR (where R = H, alkyl or 
aryl), and OSiRiR2R3 (/where Ri, R2 or R3 = alkyl or aryl). 
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36. The method of claim 3 2 whe rein said dioxirane is generated in situ from a ketone and 
an oxidizing agent selected from potassium peroxomonosulfate, sodium hypochlorite, sodium 
perborate, hydrogen peroxide, and peracids. 



37. The method of claim 36 wherein said ketone is sejected from the group consisting of 
compounds of generic formula II, ni, IV, and V, 



Rg Rio 

Ri, R2, R3, or R4 in formula (II) is selected from H, alkyl, halogenated alkyl, aryl, OR 
(where R = H, alkyl or aryl), OCOR (where R = H, alkyl or aryl), OCOOR (where R = alkyl or 
aryl), OCOOCH2R (where R = aryl), OCONR1R2 (where Ri or R2 =H, alkyl or aryl), OSiRiR2R3 
(where Ri, R2 or R3 = alkyl or aryl), and halogen; 

R5, R6, R7, Rg, R9 or Rio in forrftula (11) is selected from H, alkyl, halogenated alkyl, aryl, 
COOR (where R = H, alkyl or aryl),ymd CONR1R2 (where Ri or R2 = H, alkyl or aryl); 

A in formula (II) is selected from halogen, OTf, BF4, OAc, NO3, BPh4, PFe, and SbFe; 



(=) II 




R11-A 

Rl5 



m 



Rl7 



R18 



X in formula (III) is/selected from (CRiR2)n (where n = 1, 2, 3, 4, or 5; Ri or R2 = H, 
alkyl or aryl), O, S, SO, Soi, and NR (where R = H, alkyl or aryl); 

Rii, R12, Ri3, or r1 in formula (III) is selected from H, alkyl, halogenated alkyl, aryl, OR 
(where R = H, alkyl or aiyl), OCOR (where R = H, alkyl or aryl), OCOOR (where R = alkyl or 
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aryl), OCOOCH2R (where R = aryl), OCONR1R2 (where Ri or R/=H, alkyl or aryl), OSiRiRaRa 
(where Ri, R2 or R3 = alkyl or aryl), and halogen; 

Ri5, R16, Ri7, or R18 in formula (HI) is selected frojfc H, alkyl, halogenated alkyl, aryl, 
COOR (where R = H, alkyl or aryl), and CONR1R2 (where Ri or R2 = H, alkyl or aryl); 



O 

Ri9 R20 



IV 



Ri9 or R20 in formula (IV) is selected fromAlkyl, halogenated alkyl, aryl, CR1R2OCOR3 
(where Ri, R2 or R3= H, alkyl or aryl), CR1R2O9IOOR3 (where Ri or R2 = H, alkyl or aryl; R3 = 
alkyl or aryl), CR1R2NR3COOR4 (where Ri,/k2 or R3 = H, alkyl or aryl, R4 = alkyl or aryl), 
CR1R2NR3COR4 (where Ri, R2, R3 or R4=ii, alkyl or aryl), CR1R2NR3SO2R4 (where Ri, R2 or 
R3 = H, alkyl or aryl; R4 = alkyl or aryl); and 




Y Y 

Y in formula (V) is selected from H, alkyl, halogenated alkyl, aryl, NO2, CN, F, CI, Br, I, 
COOR (where R = H or alkyl)/oR (where R = H, alkyl or aryl), OSO2R (where R = H, alkyl or 
aryl), OSOR (where R = H, adkyl or aryl), OSR (where R = H, alkyl or aryl), SO2R (where R = 
H, alkyl or aryl), SO3R (whfcre R = H, alkyl or aiyl), SOON R1R2 (where Ri or R2 = H, alkyl or 
aryl), NR1SOOR2 (where L = H, alkyl or aryl; R2 = alkyl or aryl), NR,S0R2 (where R, = H, 
alkyl or aryl; R2 = alkyl ir aryl), CR1R2OR3 (where Ri, R2 or R3 = H, alkyl or aryl), CRi(OR2)2 
(where R, = H or alkyl/ R2 = alkyl), CF3, CF2CF3, OTf, OTs, OCOR (where R = H, alkyl or 
aryl), and OSiRiR2R3 (f here Rj, R2 or R3 = alkyl or aryl). 
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38. The method of claim 32 wherein said epoxidation reaction is carried out in a solvent 
selected from acetonitrile, dimethoxymethane, acetone, dioxane, dimethoxyethane, 
tetrahydrofuran, dichloromethane, chloroform, benzene, toluene, diethylether, water and 
mixtures thereof 

39. The method of claim 32 wherein said epoxidation reaction is carried out at a 
temperature within the range from about -40 °C to about 40 °C. 

40. The method of claim 32 wherein said epoxidation reaction is carried out at a pH 
within the range from about 7.0 to about 12.0. 

41. The method of claim 32 wherein said epoxidation reaction provides said epoxides in 
at least about 5:1 p/a-epoxide ratio. 

42^ method comprising: 

producing mostly 5(i,6p-epoxides of steroids/^y epoxidation reactions of A^-unsaturated 
steroids of generic formula XI catalyzed by ketojafes of generic formula XII, wherein 

^R4 / 

XI 





Xi in formula (XI) is select/d from H, OR (where R = H or alkyl), OCH2OCH3, OCOR 
(where R = alkyl or aryl), OSiRi;R2'R3' (where Ri', R2' or R3' = alkyl or aryl), halogen, CN, alkyl, 
aryl, and COOR (where R = H( alkyl or aryl); 
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Ri in fonnula (XI) is selected from H, OR (where^ = H or alkyl), OCOR (where R = 
alkyl or aryl), OCH2OCH3, halogen, CF3, and CF2CF3; 

R2 and R3 in formula (XI) are each selected from the group consisting of H, alkyl, aryl, 
halogen, OR (where R = H or alkyl), OCOR (whefe R = alkyl or aryl), OSiRi'Ra'Rs* (where Ri', 
R2' or Rs' = alkyl or aryl), COR (where r/= alkyl), COCH2OR (where R = H or alkyl), 
COCH2OCOR (where R = alkyl or aiVl), COCH2F, COOR (where R = H or alkyl), 
C(OCH2CH20)R (where R = alkyl), /c(OCH2CH20)CH20R (where R = H or alkyl), 
C(OCH2CH20)CH20COR (where R ^alkyl or aryl), and C(OCH2CH20)CH2F; or, are selected 
from the group consisting of 0, 0CIfcCH20, and OCH2CH2CH2O; 

R4 in formula (XL) is selected from H, C1-C4 alkyl, halogen, OR (where R = H or alkyl), 
OCOR (where R = alkyl or arylX and OSiRrR2'R3' (where Ri', R2' or R3' = alkyl or aryl); 

R5 in formula (XI) is afelected from H, C1-C4 alkyl, halogen, OR (where R = H or alkyl), 
OCOR (where R = alkyl or afryl), and OSiRrR2'R3' (where R,', R2' or R3' = alkyl or aryl); 

R<i in fonnula (XI)/s selected from H, halogen, OR (where R = H or alkyl), and OCOR 
(where R = alkyl or aryl)y 

R7 in formula (XI) is selected from H, halogen, OR (where R = H or alkyl), and OCOR 
(where R = alkyl or arj/l); 

O 

X®X, A© 

Rl7 /N^^R^Q 

Rl5 R16 

Ri5 and Rje in formula (XII) are each selected from alkyl and aryl; 
Ri7 and Rig in formula (XII) are each selected from H, alkyl, aryl, COOR (where R = H, 
alkyl or aryl), arid CONR1R2 (where Ri or R2 = H, alkyl or aryl); 
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Ri9 and R20 in formula (XII) are/each selected from C1-C4 alkyl, halogenated alkyl, and 
alogen; and 

A in fomiula (XII) is sele/ed from OTf, BF4, OAc, NO3, B?K PF6, and SbF6. 



43. The method of claim 42 wherein said C1-C4 alkyl is selected from the group 
consisting of methyl, ethlyl, normal-propyl, iso-propyl, normal-butyl, iso-butyl, sec-butyl, and 
tert-butyl; and said awl selected from the group consisting of phenyl, substituted phenyl, 
naphthyl, and substituted naphthyl groups. 




44. The method of claim 42 wherein said epoxidation reactions are carried out in a 
homogeneous solvent system selected from the group consisting of dimethoxymethane- 
acetonitrile-water, acetonitrile-water, acetone-water, dioxane-water, dimethoxyethane-water, 
tetrahydrofiiran-water, and mixtures thereof 

^[y 45. The method of claim 42wnerein said epoxidation reactions are earned out in a 
biphasic solvent system selected^ from the group consisting of dichloromethane-water, 
chloroform-water, benzene-water, toluene-water, dimethoxymethane-water, or diethylether- 
water, and mixtures therec 



46. The method of claim 42^ wherein said oxidizing reagent is selected from the group 
consisting of potassium peroxomonosulfate, sodium hypochlorite, sodium perborate, hydrogen 
peroxide, and peracids. 
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47. The method of claim 42 wherein said epoxidation reactions are carried out at a 
temperature within the range from about -10 °C to about 40 °C. 

48. The method of claim 47 wherein said epoxidation reactions are carried out at room 
temperature. 

49. The method of claim 42 wherein said epoxidation reactions are carried out at a pH 
within the range from about 7.0 to about 12.0. 

50. The method of claim 49 wherein said pH is within the range from 7.0 to 7.5. 

5 1 . The method of claim 49 wherein said pH is controlled by using a pH-stat or a buffer. 



52. The method of claim 51 wherem^id buffer is selected from the group consisting of 
sodium bicarbonate, sodium carboimt^ sodium borate, sodium hydrogenphosphate, sodium 
dihydrogenphosphate, sodium / hydroxide, potassium hydrogenphosphate, potassium 
dihydrogenphosphate, potassium bicarbonate, potassium carbonate, potassium hydroxide, or 
mixtures thereof. 



53. A meth9fl comprising: 

producing mostly 5p,6p-epoxides of steroids by epoxidation reactions of A^-unsaturated 
steroids of genferic formula XIII catalyzed by ketones of generic formula XIV, XV, XVI, and 
XVn, wherdn 
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13 




xni 



X2 in formula (XIII) is selected from the group consisting of H, OR (where R = H or 
alkyl), OCH2OCH3, OCOR (where R = alkyl or aryl), OSi^i'Ra'Rs' (where Ri*, R2' or R3' = alkyl 
or aiyl), halogen, CN, alkyl, aryl, and COOR (where R /h, alkyl or aryl), and, 

X3 in formula (XIII) is selected from the groi^ consisting of OR (where R = H or alkyl), 
OCH2OCH3, OCOR (where R = alkyl or aryl),/5siRrR2'R3' (where Ri', R2' or R3' = alkyl or 
aryl), halogen, CN, NO2, alkyi, and aiyi; or, 

X2 and X3 in formula (XIII) are sel/cted from the group consisting of O, OCH2CH2O, 
and OCH2CH2CH2O; 

Rg in formula (XIII) is selected ^om H, OR (where R = H or alkyl), OCOR (where R = 
alkyl or aryl), OCH2OCH3, halogen, 9F3, and CF2CF3; 

R9 and Rio in formula (XIII) Are each selected from the group consisting of H, alkyl, aryl, 
halogen, OR (where R = H or alkVl), OCOR (where R = alkyl or aryl), OSiRi'R2'R3' (where Ri', 
R2' or R3' = alkyl or aryl), COR (where R = alkyl), COCH2OR (where R = H or alkyl), 
COCH2OCOR (where R = y&lkyl or aryl), COCH2F, COOR (where R = H or alkyl), 
C(OCH2CH20)R (where RJ = alkyl), C(OCH2CH20)CH20R (where R = H or alkyl), 
C(OCH2CH20)CH20COR f/here R = alkyl or aryl), and C(OCH2CH20)CH2F; or R9 and Rio in 
formula (XIH) are selectecVfrom the group consisting of O, OCH2CH2O, and OCH2CH2CH2O; 

Ru and R12 in formula (XIII) are each selected from the group consisting of H, C1-C4 
alkyl, halogen, OR (whefre R = H or alkyl), OCOR (where R = alkyl or aryl), and OSiRrR2'R3' 
(where Ri', R2' or R3' = alkyl or aryl); 
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Ri3 and Rh in fonnula (XIII) are each selected from the group )?bnsisting of H, halogen, 
OR (where R = H or alkyl), and OCOR (where R = alkyl or aryl); 

O 




Rl7 /N^ ^Ri8 
Rl5 Rl6 

Ri5 or Ri6 in formula (XIV) is selected from alkyl aiyl aryl; 

Ri7 or Ri8 in formula (XIV) is selected from H, al)fyl, aryl, COOR (where R = H, alkyl or 
aryl), and CONR1R2 (where Ri or R2 = H, alkyl or aryW; 

Ri9 or R20 in fonnula (XTV) is selected ^m H, C1-C4 alkyl, halogenated alkyl, and 
halogen; and 

A in formula (XIV) is selected from O'^, BF4, OAc, NO3, BPh4, PFe, and SbFe; 

O 

R21 Y 

Y in formula (XV) is selected &6m CH2, 0, S, SO, SO2, and NR (where R = H or alkyl); 
R21 or R22 in formula (XV) isAelected from H, alkyl, aryl, COOR (where R = H, alkyl or 
aryl), and CONR1R2 (where R\ or H2 = H, aUcyl or aryl); 

R23 or R24 in formula (Xm is selected from H, halogen, C1-C4 alkyl, halogenated alkyl, 

and OCOR (where R = alkyl or ^1); 

O 

R25 / R26 

R25 or R26 in formulaf (XVI) is selected from C1-C4 alkyl, halogenated alkyl, CH2OCOR 
(where R = alkyl or aryl); amd 
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XVII 



Z in formula (XVII) is selected from H, C1-C4 alk/, aryl, NO2, CN, F, CI, Br, I, COOR 
(where R = alkyl), CH2OR (where R = H or alkyl), Cl!(0R)2 (where R = alkyl), CF3, CF2CF3, 
OTf, OTs, OCOR (where R - alkyl or aryl), and qSiRrR2*R3' (where Ri', R2' or R3* = alkyl or 
aryl). 

54. The method of claim 53 who/ein said C1-C4 alkyl is selected from the group 
consisting of methyl, ethyl, normal-propfyl, iso-propyl, normal-butyl, iso-butyl, sec-butyl, and 
tert-butyl; and said aryl selected fvofn the group consisting of phenyl, substituted phenyl, 
naphthyl, and substituted naphthyl grolups. 

55. The method of claim 53 wherein said epoxidation reactions are carried out in a 
homogeneous solvent system selected from the group consisting of dimethoxymethane- 
acetonitrile-water, acetonitrile-water, acetone-water, dioxane-water, dimethoxyethane-water, and 
tetrahydroftiran-water, and mixtxires thereof 



56. The method of claim wherein said epoxidation reactions are carried out in a 
iphasic solvent system selected from the groi^ consisting of dichloromethane-water, 
chloroform-water, benzene-water, toluene-water, /dimethoxymethane-water, or diethylether- 
water, and mixtures thereof 
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57. The method of claim 53 wherein said oxidizing reagent is selected from the group 
consisting of potassium peroxomonosulfate, sodium hypochlorite, sodium perborate, hydrogen 
peroxide, and peracids. 

58. The method of claim 53 wherein said epoxidation reactions are carried out at a 
temperature within the range from about -10 °C to about 40 



59. The method of claim 58 wherein said epoxidation reactions are carried out at room 
temperature. 



60. The method of claim ,53^wherein said epoxidation reactions are carried out at a pH 
within the range from about 7.0 to about 12.0. 

61. The method of claim 60 wherein said pH is within the range from 7.0 to 7.5. 

62. The method of claim 60 wherein said pH is controlled by using a pH-stat or a buffer. 

^ 63. The method of claim 62 wherein said b/ffer is selected from the group consisting of 

Imodium bicarbonate, sodium carbonate, sodiuifi borate, sodium hydrogenphosphate, sodium 
r dihydrogenphosphate, sodium hydroxide, potassium hydrogenphosphate, potassium 
dihydrogenphosphate, potassium bicarbcpate, potassium carbonate, potassium hydroxide, or 
mixtures thereof 
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